mineralogy and geochemistry of the Beduh Formation. Most of the previous studies were related to structural, tectonic, and facies analyses. In 1997, Numan proposed the tectonic scenario of Iraq and suggested a slow rate of deposition for the Beduh Formation based on the plate tectonic stage at Triassic age, during separation of the Turkish Plate from the Arabian Plate. Later on, Al-Brifkani (2008) suggested that the studied area was divided by two major thrust faults, the Lower Southern Thrust and the Upper Northern Thrust. Recently, an oxidizing offshoreshoreface depositional setting was suggested for the Beduh Formation based on sedimentary structures and marine fossil contents (Hakeem, 2012) .
The present study examines the mineralogy and geochemistry of the shales of the Beduh Formation that are exposed in the Northern Thrust Zone, northern Iraq ( Figure 1 ). The objectives of this study are to investigate the source rock composition and paleoweathering intensity and to infer the tectonic setting of the basin during the Lower Triassic to deduce the depositional environment.
Geological setting
During the Late Permian epoch the Neo-Tethys Ocean started opening, then progressively widened during Early Triassic time (Figures 2 and 3) . The Iranian Plate separated from the Arabian Plate in the Early Triassic, whereas the Turkish Plate separated from the Arabian Plate in Liassic time (Numan, 1997) . A break-up unconformity formed along the northern and eastern margins of the Arabian Plate where Iraq forms its northeastern part. The Late Permian-Liassic megasequence was deposited on the Nand E-facing passive margin of the Arabian Plate. Thermal subsidence led to the formation of a passive margin megasequence along these margins and the development of the Mesopotamian Basin .
The Rutba Basin, which had subsided in Earlier Paleozoic time, was gently inverted, forming the Rutba Uplift (contains thick Paleozoic sediments). The shoreline of the Late Permian basin was located along the eastern fault of the Rutba Uplift (Figure 2 ). The Rutba Subzone is the most extensive and uplifted part of the RutbaJezira, dominated by the huge Rutba Uplift active in Late Permian-Paleogene time. On the other hand, the Arabian Shield (AS) was composed of igneous-metamorphic complexes that were an elevated area at that time, located to the southwest of the basin of deposition. The Beduh Formation belongs to Tectonostratigraphic Megasequence AP6, which started from the Mid-Permian to Early Jurassic (255-182 Ma; Sharland et al., 2001) .
The study area lies between 37°18′44″N and 37°15′02″N and 43°08′45″E and 43°18′19″E (Figure 1) . In this area, the Beduh Formation is conformably succeeded by the Geli whereas for the trace elements and REEs precision varies between 1% and 10%. Internationally recognized standard materials OREAS72B, SO-18, and OREAS45EA were used as references. Based on these standards, the accuracy and the precision of the analyses were within ±2% for elements like Zn, Rb, V, Zr, Y, La, Sm, Tb, Dy, Tm, Yb, and Lu; ±5% for Ni, Cu, Cr, Co, and Eu; and ±10% for Hf, Ta, W, and Er. The post-Archean Australian shale (PAAS) values were used for comparison. The REE data were normalized to the chondrite values of Taylor and McLennan (1985) . The normalized Eu anomaly (Eu/Eu*) was calculated by the following equation: Eu/Eu* = Eu n /(Sm n × Gd n ) 1/2 , where the subscript n denotes chondrite normalized values (Taylor and McLennan, 1985) .
The chemical index of alteration (CIA) and chemical index of weathering (CIW) were calculated following the methods of Nesbitt and Young (1982) and Harnois (1988) , respectively. CaO was corrected by the method of McLennan et al. (1993) , whereby CaO values were accepted only if CaO < Na 2 O; when CaO > Na 2 O, it was assumed that the concentration of CaO equaled that of Na 2 O.
Results

Mineralogy
XRD analysis of selected shale samples from the Beduh Formation indicates that clay minerals are mainly represented by illite and kaolinite, with minor amounts of chlorite and a mixed layer (illite/smectite and illite/ chlorite). On the other hand, calcites and quartz together with small amounts of albitic feldspar and hematite are the dominant nonclay species ( Figure 5 ). Identification of secondary minerals was difficult because their peaks tended to be obscured by the greater peaks of the major minerals. The analysis revealed obvious qualitative differences in bulk mineral compositions among the shale samples (Table 1) . Illite varies from 38.3% to 77.5% with an average of 55.03% while kaolinite ranges from 5.9% to 44.1% with an average value of 26.54%. The samples generally showed moderate values of the Kübler (illite) crystallinity index, ranging between 0.41° and 0.70° Δ2θ with an average of 0.52° Δ2θ (Table 1) . This index was determined by measuring the half-peak width of the 10 Å illite on oriented mineral aggregate preparations of the <2 µm size fractions and is expressed in °∆2θ (Kübler, 1967) . All the studied samples have illite chemistry index (5 Å/10 Å ratios) of >0.4 (Table 1; Figure 6 ).
Geochemistry
Major element geochemistry
The major element concentrations of the Beduh Formation are given in Table 2 . In general, the shale of the Beduh Formation has high CaO content (3.43%-38.13%, avg.
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Trace element geochemistry
The trace element contents of the Beduh Formation are reported in Table 4 . The studied samples show enrichment of Sr and depletion in Ba, Co, Rb, Th, U, Y, Cr, and Ni relative to PAAS (Table 4 ). The enrichment of Sr (42.8-1012, avg. = 418 ppm) in a few samples is probably linked to the carbonate content (Yan et al., 2007) . This is consistent with the significant positive correlation between CaO and Sr (r = 0.871). Al 2 O 3 is positively correlated with HFSEs such as Th, Y, and Nb (r = 0.908, 0.741, and 0.934, respectively; n = 42; Table 3) , and LILEs such as Rb (r = 0.977; n = 42; Table 3 ), suggesting that these elements may be bound in clay minerals and concentrated during weathering (Fedo et al., 1996; Nagarajan et al., 2007) . In addition, The Zr, Hf, and Nb contents are depleted compared with PAAS. Th and U behave differently during weathering and sedimentary recycling as the latter is chemically mobile, which leads to decrease in the U/Th ratio. In the present rock samples, the U/Th ratio varies from 0.17 to 0.38 with an average of 0.27, which is higher than PAAS value of 0.21 (Table 4) .
Rare earth elements
The content of total rare earth elements (ΣREE) varies from 91.22 to 213.43 ppm with an average of 146.40 ppm, lower than for the PAAS (184.77 ppm; Table 5 ). The results suggest that the major control over the REE concentrations is the dilution effect caused by carbonate (correlation coefficient between CaO and ΣREE is -0.875). In this regard, the significant correlations of ΣREE with Al 2 O 3 and K 2 O (Table 3) suggest that clay minerals typically control REE distribution in shales (McLennan, 1989; Condie, 1991) . The chondrite normalized (Taylor and McLennan, 1985) REE patterns of these samples ( Figure  7 ) are uniform, indicating that they have a similar source. Beduh shale exhibits REE fractionation with (La/Yb) n = 8.97 and negative Eu anomaly (Eu/Eu* = 0.72), which is attributed to the Eu-depleted felsic igneous rocks in the source area (Figure 7 ).
Discussion
Clay mineralogy
The moderate values of the illite crystallinity index indicate a moderate-grade chemical degradation in the source area during transportation and sedimentation. The illite crystallinity of the marine sediments is higher than that of the fluvial deposits. This can be explained by the capacity of illite in the marine environment to fix new ions available in seawater (Millot, 1964) , since Fe and Mg tend to be replaced by K and Al, increasing illite crystallinity (Nemecz, 1981; Oliveira et al., 2002) . According to the illite crystallinity index most of the studied samples plotted in the zone of diagenesis. All the studied samples have an Esquevin index (illite chemistry index) value of ˃0.4 (Table 1; Figure 6 ), corresponding to Al-rich illite (muscovite type) reflecting a granitic provenance. The kaolinite has a low crystallinity index, i.e. high crystallinity, which can be explained by being directly supplied from the rivers (Oliveira et al., 2002) .
The significant positive correlation between kaolinite content and illite crystallinity index (r = 0.92; n = 12) reflects the higher kaolinite content corresponding to lower illite crystallinity (Table 6 ), whereas the significant negative relationship between kaolinite content and kaolinite crystallinity index (r = -0.98; n = 12) reflects the higher kaolinite proportion corresponding to the higher kaolinite crystallinity. Similarly, the positive significant correlation between illite content and kaolinite crystallinity index (r = 0.74; n = 12) reflects the higher illite content corresponding to lower kaolinite crystallinity, while the negative significant correlation between illite content and its crystallinity index (r = -0.694; n = 12) reflects the higher illite proportion corresponding to higher illite crystallinity, i.e. a well-ordered structure.
Source area weathering
The rate of chemical weathering of source rocks and the erosion rate of weathering profiles are controlled by climate as well as source rock composition and tectonics; warm humid climate and stable tectonic settings favor chemical weathering. Absence of chemical alteration results in low CIA values, which may reflect cool and/or arid conditions or alternatively rapid physical weathering and erosion under an active tectonic setting (Fedo et al., 1995; Nesbitt et al., 1997; Singh, 2009 Singh, , 2010 Absar and Sreenivas, 2015; Tawfik et al., 2015) . Fresh igneous rocks and minerals have CIA values of 50 or less (Nesbitt and Young, 1982) .
The intensity of weathering in clastic sediments in the source area can be evaluated by examining the relationships between alkali and alkaline earth elements (Nesbitt and Young, 1996; Nesbitt et al., 1997 (Figure 8 ) in order to evaluate the extent of weathering history of igneous rocks (Nesbitt and Young, 1984) and K-metasomatism (Fedo et al., 1995) , where unweathered rocks plot along the plagioclase-K-feldspar line (Nesbitt and Young, 1984) . In the A-CN-K diagram, the shale of the Beduh Formation forms a weathering trend that is almost perpendicular to the A-K line close to the illite composition, indicating an intense chemical weathering of the source rocks and suggestive of K-enrichment during diagenesis. The samples plot away from the K-feldspar-plagioclase line and the elevated CIA values may reflect the higher proportion of clay minerals than feldspars.
When postdepositional K-metasomatism occurs, the weathering trend line deviates from the predicted weathering line and moves towards the K 2 O apex ( Figure  8 , dashed line with arrow). On the A-CN-K plot (Figure  8 ), the Beduh shale shows a deviation trend line from the predicted weathering trend. The premetasomatized CIA values of the studied shale can be estimated by drawing a line from the K 2 O apex through an individual CIA data point; the intersection point of this line with the 'predicted weathering line' provides the premetasomatism CIA values (Bhat and Ghosh, 2001; Tao et al., 2014) . The premetasomatism CIA values of the shales range between 72.5 and 88.0 with an average of 80.25, indicating moderate to intense weathering in the source area. Harnois (1988) proposed the CIW index to monitor paleoweathering at the source area, which is not sensitive to postdepositional K enrichments. The shale of the Beduh Formation possesses CIW values ranging from 81.96 to 96.78, similar to the PAAS value (Table 2 ). However, Tawfik et al. (2015) suggested that the high values could reflect a prolonged dissolution of unstable plagioclases during transportation and/or diagenesis, rather than extreme chemical weathering at the source terrain.
Th/U in sedimentary rocks is of interest, as weathering and recycling typically result in loss of U, leading to an increase in the Th/U ratio. The Th/U ratio in most upper crustal rocks varies between 3.5 and 4.0 (McLennan et al., 1993) . In sedimentary rocks, Th/U values higher than 4.0 may indicate intense weathering in source areas or sediment recycling. Th/U ratios in the Beduh shale range from 2.61 to 5.83 with an average of 3.90 (Table 4) , indicating a moderate weathering intensity in the source area. S12 S13 S15 S16 S17 S18 S19 S20 S21 S23 S24 S25 Average PAAS Underlined: Significant at 0.05 level.
Bolded: Significant at 0.01 level.
No. of samples = 42. 
Provenance
The chemical composition of siliciclastic sedimentary rocks can be related to their source region chemical composition (e.g., Madhavaraju and Lee, 2010; Nagarajan et al., 2011; Moosavirad et al., 2011; Hofer et al., 2013; ArmstrongAltrin, 2014; Armstrong-Altrin et al., 2015 a, 2015b . In order to infer the provenance of siliciclastic rocks, several major, trace, and rare earth element-based discrimination diagrams have been proposed by various authors (e.g., Roser and Korsch, 1988; Floyd et al. 1989 Floyd et al. , 1990 ; McLennan Taylor and McLennan (1985) . No. of samples = 42. et al., 1993; Mortazavi et al., 2014) . In the provenance discrimination diagram of Roser and Korsch (1988) , the discriminant functions are based on concentrations of both immobile and mobile major elements. On this plot the Beduh shales fall in the fields of quartzose sedimentary and intermediate igneous provenances (Figure 9 ). In the Figure 8 . A-CN-K ternary plot for the shale samples from Beduh Formation (Nesbitt and Young, 1984; Fedo et al., 1995) ; dashed-line arrow represents the predicted weather trend (PWT) for the shale samples. . Provenance discrimination function diagram for the Beduh shales (after Roser and Korsch, 1988 (after McLennan et al., 1979) where the "granite line" and "3 granite + 1 basalt line" are after Schieber (1992), c) La/Th versus Hf bivariate diagram (after Floyd and Leveridge, 1987) .
TiO 2 -Ni bivariate diagram (Floyd et al., 1989) , the studied shales plot in the acidic rocks field (Figure 10a) (McLennan et al., 1980) and the La/Th versus Hf bivariate diagrams (Floyd and Leveridge, 1987) . On these plots the studied shales fall mostly in the field of felsic rocks (Figures 10b  and 10c ). The Al 2 O 3 /TiO 2 ratio in clastic rocks is used to determine the composition of the source rocks, because this ratio increases from 3 to 8 for mafic rocks, 8 to 21 for intermediate rocks, and 21 to 70 for felsic igneous rocks (Hayashi et al., 1997) . The average value of the Al 2 O 3 /TiO 2 ratio for the studied shale is 24.53 (Table 2 ). The average K 2 O/Na 2 O ratio (Table 2 ) favors a significant contribution of felsic components rather than mafic in the source area.
Unlike alkaline earth elements, HFSEs (including Zr, Ti, Y, Nb, Th, and Hf) and some TTEs (e.g., Cr, Ni, and Co) as well as REEs are the most suitable provenance indicators, because of their relatively low mobility during sedimentary processes (e.g., McLennan et al., 1990) . Elevated Cr and Ni abundances (Cr > 150 ppm, Ni > 100 ppm) are indicative of mafic or ultramafic provenance (Wrafter and Graham, 1989; Garver et al., 1996; Armstrong-Altrin et al., 2004) . In comparison with PAAS, the relatively low abundances of Cr, Ni, and Co in the studied shale (Table 4) suggest no significant occurrence of mafic or ultramafic rocks in the source area. Cullers (1994) proposed that sediments with Cr/Th ratios ranging from 2.5 to 17.5 and Eu/Eu* values from 0.48 to 0.78 are indicative of felsic sources. The values of the Cr/Th and Eu/Eu* in the studied samples (3.75 and 0.70, respectively) generally fall within the felsic range. Th/Co values commonly trace the existence of felsic and/ or mafic components within these values (Cullers, 1994 (Cullers, , 2000 Armstrong-Altrin et al., 2004) . In the Beduh Shale, the Th/Co is ideal for felsic rocks (Table 4) .
Additionally, the REE patterns can also be used to infer the source of sediments since felsic rocks contain high LREE/HREE ratios and negative Eu anomalies, whereas mafic rocks usually contain low LREE/HREE ratios and no Eu anomalies (e.g., Cullers and Graf, 1983; Absar et al., 2009; Absar and Sreenivas, 2015) . The LREE-enriched and flat HREE pattern of the studied shale is similar to the PAAS (Figure 7 ) and Precambrian Shield of the ArabianNubian Plate (Gebreyohannes, 2014) , which indicates a felsic source. Accordingly, the felsic and intermediate igneous rocks are suggested as source rocks for the shales of the Beduh Formation.
Tectonic setting
Various discrimination diagrams, based on major element compositions of clastic sediments, are widely used to identify the tectonic setting of unknown basins (Bhatia, 1983; Roser and Korsch, 1986) , although numerous studies identified that the results inferred from these discrimination diagrams were inconsistent with the geology of the studied areas (Valloni and Maynard, 1981; Dostal and Keppie, 2009) . The use of these conventional discrimination diagrams has been cautioned against by many researchers (e.g., Armstrong-Altrin and Verma, 2005; Ryan and Williams, 2007; Armstrong-Altrin, 2015; Verma and Armstrong-Altrin, 2016) . Recently, Verma and Armstrong-Altrin (2013) proposed two discriminant function-based major element diagrams for the tectonic discrimination of siliciclastic sediments from 3 main tectonic settings: island or continental arc, continental rift, and collision, created for the tectonic discrimination of high-silica [(SiO 2 ) adj = 63%-95%] and low-silica [(SiO 2 ) adj = 35%-63%] types. In addition, Armstrong-Altrin (2015) evaluated these two tectonic discrimination diagrams and recommended that the two multidimensional diagrams can be considered as a tool for successfully discriminating the tectonic setting of older sedimentary basins. These discrimination diagrams were successfully used in recent studies to discriminate the tectonic setting of a source region based on the geochemistry of clastic sediments (Nagarajan et al., 2015; Tawfik et al., 2015; Zaid et al., 2015) .
These discriminant function-based major element diagrams were used in this study to identify the tectonic environment of the Beduh shales. On the low-silica multidimensional diagram (Figure 11 ), the Beduh shales were plotted in the rift and collision fields, which is consistent with the geology of the Arabian Shield and the Rutba Uplift (Jassim and Goff, 2006) and reveals the possibility that the Beduh shales may consist of sediments derived from active regions of the Mid-Oceanic Ridge (Figure 3 ). In addition it is suggested that the shales of the Beduh Formation also received sediments by volcanic activity, indicated by the presence of volcaniclastic materials (glass shards and glassy spherules) and smectite as a mixed layer with illite (Hakeem, 2012) .
Paleoredox conditions
Previous studies showed that redox sensitive elements, such as Cu, Zn, V, Ni, Cr, and U, in the sediments can be used as a powerful tool for evaluation of the paleoredox conditions (Jones and Manning, 1994; Madhavaraju and Ramasamy, 1999; McKirdy et al., 2011; Armstrong-Altrin et al., 2015a; Hu et al., 2015) .
The U/Th ratio may be used as a redox indicator, being higher in organic-rich mudstones (Jones and Manning, 1994) . U/Th ratios below 1.25 suggest oxic conditions of deposition, whereas elevated values indicate suboxic and anoxic conditions (Jones and Manning, 1994; Nath et al., 1997; Akinyemi et al., 2013 ). The present study shows a lower U/Th ratio (0.17-0.38, avg. = 0.27) for these shales (Table 4) , indicating deposition in an oxic environment. Jones and Manning (1994) and Rimmer (2004) used the elemental ratios (Ni/Co and V/Cr) to deduce the redox conditions during the deposition of the shale. The higher Ni/Co and V/Cr ratios are related to low oxygen levels during the deposition. Jones and Manning (1994) and Sari and Koca (2012) suggested that Ni/Co ratios below 5 indicate oxic environments, whereas ratios of 5-7 indicate dysoxic environments and ratios above 7 suboxic to anoxic. The studied shale shows a lower Ni/Co ratio (1.47-2.53; avg. = 2.03; Table 4 ). This ratio suggests an oxic depositional environment during deposition of sediments ( Figure  12 ). Jones and Manning (1994) and Armstrong-Altrin et al. (2015a) used the V/Cr ratio to infer the depositional environment. A V/Cr ratio below 2 refers to oxic, 2.0-4.25 to dysoxic, and higher than 4.25 to suboxic to anoxic conditions. V/Cr ratios of the studied shale samples vary from 0.73 to 3.11 with an average ratio value of 1.87 (Table  4) , indicating an oxic condition (Figure 12) . Hallberg (1976) stated that the Cu/Zn ratio in the sediment may reflect redox conditions during deposition and the ratio increases in reduced conditions and decreases in oxidizing conditions. The lower Cu/Zn ratio (0.02-2.37, avg. = 0.40; Table 4) in the studied shale reinforces deposition under oxidizing conditions.
Conclusions
The clay minerals of the shale comprise illite, kaolinite, and chlorite, with a minor mixed layer of illite/smectite and illite/chlorite. Calcite and quartz are the main nonclay species with subordinate amounts of feldspar and hematite. The shale of the Beduh Formation shows high CaO content (due to the high carbonate content), which is due to the dilution effect compared to other oxides and trace and rare earth elements. The mineralogical and geochemical parameters like illite crystallinity, CIA and CIW values, and Th/U ratios reveal moderate to intense chemical weathering in the source area. Major, trace, and rare earth elements imply that the shale was derived from dominantly felsic and intermediate (granite and granitoid) source rocks, probably from the plutonic-metamorphic complex of the Arabian Shield and Rutba Uplift to the southwest of the basin. The U/Th, V/Cr, Ni/Co, and Cu/Zn ratios and negative Eu anomaly suggest deposition under an oxic environment. The tectonic setting discrimination diagram reveals active and passive tectonic environments for the source area; the sediments were probably derived from the Arabian Shield and Rutba Uplift.
